
CHAPTER 7. DRAINAGE 

7.01 General 

A. Designs: Drainage f a c i l i t i e s  s h a l l  be designed cons is tent  w i t h  King County Code 9.04 and the  King 
County Surface Water Design Manual, 1 a t e s t  e d i t i o n .  S t ruc tures  s h a l l  be placed and constructed as 
shown i n  the  Standard Drawings. 

B. Spec i f i ca t i ons :  Mater i  a1 s, const ruc t ion ,  and t e s t i n g  are s p e c i f i e d  i n  the  WSDOT/APWA standard 
Spec i f i ca t i ons .  The Engineer may amend, delete,  o r  add s p e c i f i c a t i o n s  o r  Standard Drawings. 

C. Confl  i c t s :  Where techn ica l  c o n f l  i c t s  may occur between t h i s  document and the  Surface Water Design 
Manual t he  Engineer s h a l l  decide which document governs. 

7.02 Road Di tches 

The f o l l o w i n g  standards s h a l l  on l y  apply i n  design o f  drainage d i t ches  n o t  r e q u i r i n g  drainage review under 
t h e  p rov i s ions  o f  t he  Surface Water Design Manual . 
A. On grades up t o  6 percent,  grass l i n e d  d i t ches  w i t h  grasses as s p e c i f i e d  i n  7.02D s h a l l  be used f o r  

t h e  drainage requirement. These d i t ches  s h a l l  be designed and constructed i n  accordance w i t h  
Drawings No. 1-001, 1-004 and 1-007. I f  grass cannot be r e a d i l y  es tab l ished by usual seeding 
method, o ther  methods such as sodding o r  seeding w i t h  slope mat p ro tec t i ons  s h a l l  be used as 
necessary. For grades between 3 percent and 6 percent,  grass 1 i n i n g  alone may n o t  be s u f f i c i e n t  t o  
stop erosion. Pre fer red methods t o  f u r t h e r  reduce p o t e n t i a l  e ros ion  problems inc lude  t h e  use o f  
check dams o r  wider  d i t c h  sect ions.  Rock-1 ined d i t ches  s h a l l  be avoided whenever possib le.  

B. Where the  grade i s  over 6 percent and not  over 9 percent,  t he  Engineer may d i r e c t  use o f  a standard 
rock-1 ined d i t c h  o r  a l t e r n a t i v e l y  a c losed (pipe) drainage system under a paved shoulder w i t h  
asphal t  curb o r  t u r n p i k e  shoulder. As an exception, cul-de-sacs w i t h  over 6 percent grade s h a l l  be 
provided w i t h  p ipe  drainage and no t  w i t h  rock-1 ined d i tches.  

1. The standard r o c k  l i n i n g  s h a l l  be i n  accordance w i t h  t h e  Surface Water Design Manual and 
Sect ion 9-13.6 o f  t h e  WSDOT/APWA Standard Spec i f i ca t i ons .  Rock gradat ion  s h a l l  be as f o l l  ows: 

Passing 8- inch  square s ieve 
Passing 3 - inch  square s ieve 
Passing 3/4- inch square s ieve 

100 percent  
40 percent max. 
10 percent max. 

2. Rocks s h a l l  be p laced so as t o  form a f i r m ,  dense, p r o t e c t i v e  mat cons is ten t  w i t h  examples i n  
Drawing No. 2-024 and conforming t o  t h e  design sur face o f  t h e  d i t c h .  I n d i v i d u a l  rocks s h a l l  
n o t  p ro t rude more than th ree  inches from t h a t  surface. 



C. Where the  grade exceeds 9 percent e i t h e r  p ipe  drainage o r  a  spec ia l  r o c k - l i n e d  d i t c h  s h a l l  be 
prov ided unless otherwise approved by the  Engineer. The specia l  r o c k - l i n e d  d i t c h  s h a l l  be designed 
by a  pro fess iona l  engineer, based on s o i l s  and hyd rau l i c  analyses. Design s h a l l  inc lude rock  
s i z i n g ,  together  w i t h  f i l t e r  rock  gradat ions  and/or f i l t e r  f a b r i c ,  and be sub jec t  t o  approval by the  
Engi neer . 

D. Grass seed m ix tu re  by weight may be 10 percent  Co lon ia l  bentgrass, 40 percent  T a l l  o r  Red fescue, 
10% White c love r ,  hydroseed a t  120 I bs./acre, handseed a t  3  1  bs./1,000 square f e e t .  Where the re  i s  
h i g h  groundwater, t h e  f o l l o w i n g  species may be s u b s t i t u t e d  o r  added: Meadow o r  P a c i f i c  f o x t a i l ,  
Timothy, o r  Redtop. 

7.03 Storm Sewers and Cu lve r t s  

A. Minimum p ipe  s i z e  s h a l l  be 12- inch diameter.  E igh t - i nch  diameter may be permi t ted  on cross s t r e e t  
l a t e r a l s  l e s s  than 66 f e e t  l o n g  t o  avoid u t i l i t y  c o n f l i c t  o r  meet shal low grad ien t .  

B. Where t h e  t ime  o f  concen t ra t i on  c r e a t i n g  t h e  g rea tes t  f l o w  i s  l e s s  than 15 minutes and the  system 
predominately serves t h e  road, determine f l o w  r a t e s  us ing  the  ra t i -ona l  formula. 

C. Driveway c u l v e r t s  s h a l l  conform t o  Drawing No. 3-003. 

D. The f o l l o w i n g  pipes, s p e c i f i e d  i n  Sect ion 9-05 o f  t he  WSDOT/APWA Standard S p e c i f i c a t i o n s  are 
a1 lowed: p l  a i n  and r e i n f o r c e d  concrete storm sewer p ipe,  a1 uminized Type 2  corrugated s t e e l ,  s t e e l  
s p i r a l  r i b  and corrugated s t e e l  w i t h  aspha l t  coa t i ng  Type 1, s p i r a l  r i b  and corrugated aluminum, 

-d u c t i l e  i r on ,  p o l y v i n y l  c h l o r i d e  (PVC), l i n e d  corrugated polyethy lene (LCPE) and s o l i d  w a l l  
po lye thy lene (SWPE) p ipe.  

E. LCPE p ipe  s h a l l  have a  smooth i n t e r i o r  w a l l  meeting o r  exceeding Type 111, Category 4  o r  5, Grade 
P33 o r  P34, Class C per  ASTM 01248, minimum c e l l  Class ASTM D3350, 324420C. LCPE s h a l l  a l so  meet o r  
exceed t h e  requirements o f  AASHTO M294, Type S. Pipe s h a l l  be placed i n  accordance w i t h  County 
Spec i f i ca t i ons .  

F. SWPE p ipe  w i t h  maximum SDR o f  32.5, minimum c e l l  Class ASTM D3350, 334434C and meeting County 
S p e c i f i c a t i o n s  f o r  d u c t i l e  i r o n  p ipe  w i t h  r e s t r a i n e d  mechanical j o i n t s  may be used f o r  o u t f a l l s  on 
steep slopes. 

G .  PVC p ipe  s h a l l  r e q u i r e  t h e  use o f  bedding ma te r ia l  f o r  f l e x i b l e  p ipe  s p e c i f i e d  i n  Sect ion 9-03 o f  
WSDOT/APWA Standard S p e c i f i c a t i o n s  . 

H. LCPE and SWPE s h a l l  be bedded on grave l  b a c k f i l l  f o r  p ipe  bedding as s p e c i f i e d  i n  Sect ion 9-03 o f  
WSDOT/APWA Standard Speci f i c a t i o n s .  Above ground i n s t a l  1  a t  i o n  o f  SWPE does n o t  r e q u i r e  p ipe  
bedd i ng . 



I .  PVC, LCPE and SWPE s h a l l  be tes ted  using the  d e f l e c t i o n  t e s t  procedure described i n  Sect ion 7-17.3 
o f  the  WSDOT/APWA Standard Spec i f i ca t i ons .  Unless otherwise spec i f i ed  t h e  mandrel f o r  t he  
d e f l e c t i o n  t e s t  s h a l l  have a minimum o f  n ine  runners equa l ly  spaced, a base leng th  equal t o  o r  l e s s  
than t h e  diameter o f  t he  pipe, and a diameter no l e s s  than 95 percent o f  t he  base i n s i d e  diameter o f  
t h e  p ipe,  which i s  descr ibed as fo l lows:  

For p ipes w i t h  c o n t r o l l e d  i n s i d e  diameter, PVC and SWPE: base i n s i d e  diameter = average i n s i d e  p ipe  
diameter - ( ( i n s i d e  diameter t ~ l e r a n c e ) ~  + (out o f  roundness tolerance)*). ' .  

For SWPE up t o  30- inch the  above equation s i m p l i f i e s  t o :  base i n s i d e  diameter = nominal diameter x 
0.9665. 

For p ipes w i t h  c o n t r o l l e d  ou ts ide  diameter, LCPE: base i n s i d e  diameter = (average outs ide  diameter 
- ( 2  x w a l l  th ickness)  - ( ( o u t s i d e  diameter tolerance) '  + (12 percent x wa l l  t h i ~ k n e s s ) ~  + (roundness 
t o 1  e r a n ~ e ) ~ ) . ~ .  

Average diameter and to1  erances s h a l l  be as speci f i  ed by appl i cab1 e. ASTM standards. Pipe sect ions 
f a i l i n g  t h e  mandrel t e s t  s h a l l  be replaced except t h a t  reshaping SWPE and LCPE sect ions t o  meet 
requirements s h a l l  be al lowed i f  t h e  o r i g i n a l  deformation i s  l e s s  than 20 percent.  

J. Concrete p ipe  s h a l l  be rubber gasketed and metal p ipe  s h a l l  be gasketed and securely banded. Leak 
t e s t i n g  s h a l l  be conducted i f  requ i red  by the  Engineer. 

K.  I f  t h e  depth o f  a p ipe  exceeds e i g h t  f e e t  o r  t h e  Engineer quest ions the  p ipe  se lec t ion ,  then the  
s e l e c t i o n  o f  p ipe  ma te r ia l  must be made by a pro fess iona l  engineer. 

L. Bevel t h e  p r o j e c t i n g  ends o f  c u l v e r t s  w i t h i n  the  r igh t- o f -way.  

7.04 Catch Basins and Junct ions 

A. Catch basins s h a l l  be spaced no g rea te r  than 150 f e e t  f o r  grades l e s s  than one percent, 200 f e e t  f o r  
grades between one and t h r e e  percent;  and 300 f e e t  f o r  grades th ree  percent and greater .  Where the  
w id th  o f  t h e  t r i b u t a r y  road sur face exceeds 35 fee t ,  t h e  cross slope exceeds f o u r  percent, o r  t h e  
10-year, 24-hour r a i n f a l l  exceeds th ree  and one-ha1 f inches, catch bas in  spacing ana lys is  i s  
required.  The ana lys is  must show t h e  depth o f  water a t  t h e  edge o f  t h e  t r a v e l e d  way does n o t  exceed 
0.12 f e e t  o r  extend more than f i v e  f e e t  i n t o  the  t r a v e l e d  way f o r  t h e  10-year storm event, us ing 
f lows generated by t h e  r a t i o n a l  formula. 

B. Use ca tch  basins, r a t h e r  than i n l e t s ,  t o  c o l l e c t  water from road surfaces, unless approved by the  
Engi neer . 



C .  Connections t o  p ipe  systems may be made w i thou t  p lac ing  a catch bas in  o r  manhole on the  ma in l i ne  by 
meeting a l l  o f  t he  f o l l o w i n g  cond i t ions :  

1. The ma in l i ne  p ipe  i s  48 inches o r  g rea te r  and a t  l e a s t  two t imes t h e  s i z e  o f  t he  connect ing 
p i  pe . 

2. Make connect ions i n  accordance w i t h  t h e  manufacturer's recommendations. Standard shop 
f a b r i c a t e d  tees, wyes and saddles s h a l l  be used, except f o r  concrete p ipe  connect ions 
cons t ruc ted  i n  accordance w i t h  Drawing No. 2-002. 

3 .  There s h a l l  be a ca tch  bas in  o r  manhole on the  connect ing p ipe  w i t h i n  two t o  t e n  f e e t  o f  the  
ex te rna l  w a l l  o f  t h e  main l i n e .  See Drawing No. 2-002. 

4 .  O f f s e t  angle o f  connect ing p ipe  t o  main1 ine, h o r i z o n t a l l y  and v e r t i c a l l y ,  s h a l l  be l e s s  than 
45 degrees. 

D. Connections t o  an e x i s t i n g  system s h a l l  avo id  d i r e c t i n g  p r o j e c t  r u n o f f  through downstream 
qual i ty /quant i  t y  c o n t r o l  f a c i  1 i t i e s .  Receiving systems may have separate conveyance f a c i  1 i t  i es: 
one connect ing t o  qual i ty /quan t i  t y  f a c i l  i t i e s  and one by-passing them. Connection s h a l l  be t o  the  
bypass system where avai 1 able. 

E .  Use Type 2 ca tch  basins where the  depth t o  t h e  i n v e r t  o f  t h e  p ipe  exceeds f i v e  f e e t .  

F .  Manholes may be used i n  l i e u  o f  ca tch  basins i f  they do n o t  c o l l e c t  sur face water. 

G .  Roof and ya rd  dra ins ,  o r  o the r  concentrated f l o w  from adjacent p rope r t y  s h a l l  n o t  d ischarge over t he  
sur face o f  roadways o r  sidewalks. 

H. Catch basins o r  manholes are  requ i red  when j o i n i n g  d i f f e r i n g  types o f  pipes. 

7.05 Frames, Grates, and Covers 

A. Unless otherwise spec i f i ed ,  use vaned gra tes  w i t h  standard frame i n  t h e  t r a v e l e d  way, g u t t e r ,  o r  
shoulder.  Vaned g ra tes  s h a l l  n o t  be l oca ted  w i t h i n  cross walks, 

B. A t  sag v e r t i c a l  curves, o r  be fore  i n t e r s e c t i o n s  w i t h  a grade 4% o r  g rea ter ,  use through curb  i n l e t  
frames. Where through curb  i n l e t s  cannot be used, t h ree  vaned i n l e t s  s h a l l  be used. One s h a l l  be 
l oca ted  a t  t h e  approximate low p o i n t  and another on e i t h e r  s ide  a t  25 f o o t  ho r i zon ta l  spacing, bu t  
n o t  g rea te r  than 0.1 f o o t  above t h e  low p o i n t .  

C. Use r o l l e d  curb  frame and (vaned) g ra tes  along r o l l e d  curbs and i n  aspha l t  t u r n p i k e  shoulders. See 
Drawing No. 2-024. 



D. New catch basins t h a t  do no t  c o l l e c t  r u n o f f  s h a l l  use lock ing  manhole covers. See Drawing No. 2- 
022. E x i s t i n g  catch basins which no longer c o l l e c t  r u n o f f  s h a l l  have t h e i r  frame and grates 
replaced w i t h  s o l i d  covers (See Drawing No. 2-015). 

E. A l l  storm d r a i n  covers and gra tes  s h a l l  be lock ing .  Manufacturer as approved by the  Engineer. 

F. S l i t  d ra ins  may be used when approved by t h e  Engineer. At a minimum s l i t  d ra ins  s h a l l  have catch 
basins a t  e i t h e r  end unless used as a driveway c u l v e r t .  The maximum d is tance between catch basins 
along a s l i t  d r a i n  s h a l l  be 50 f e e t .  

7.06 Erosion Contro l  

Provide eros ion  c o n t r o l  as requ i red  i n  the  Surface Water Design Manual. 

F i l t e r  f a b r i c  fences s h a l l  be constructed o f  ma te r ia l  designed s p e c i f i c a l l y  f o r  e ros ion  con t ro l .  The 
f a b r i c  s h a l l  be composed o f  r o t - p r o o f  woven o r  non-woven polymeric f i b e r s  and be f r e e  o f  chemical 
treatment o r  coat ing  t h a t  may reduce permeabil i t y .  The f a b r i c  s h a l l  meet t h e  f o l l o w i n g  t e s t  requirements: 
minimum 110 I b s  grab t e n s i l e  s t reng th  per  ASTM D-1682, minimum 40 l b s  puncture s t reng th  per  ASTM 0-751 
Modi f ied,  and 20-100 Equivalent  Opening Size (EOS) based on U . S .  standard sieves. 

7.07 Trenches. See Sect ion 8.03. 


